Objective: To determine whether implementation of free cotrimoxazole (CTX) provision was associated with improved retention among clients ineligible for antiretroviral therapy (ART) enrolled in an HIV treatment program in Kenya.
Methods: Statistical comparisons were made using Kaplan-Meier survival curves, logrank tests, and multivariate Cox proportional hazards models. To exclude potential temporal program changes that may have influenced retention, ART clients before and after the same cut-off date were compared.
Findings: Among adult clients enrolled between 2005 and 2007, 3234 began ART within 1 year of enrollment, and 1024 of those who did not start treatment were defined as ART-ineligible. ART-ineligible clients enrolled in the period following free CTX provision had higher 12-month retention (84%) than those who enrolled prior to free CTX (63%; P < 0.001). Retention did not change significantly during these periods among ART clients (P ¼ 0.55). In multivariate analysis, ART-ineligible clients enrolled prior to free CTX were more than twice as likely to be lost to follow-up compared to those following free CTX [adjusted hazard ratio (aHR) ¼ 2.64, 95% confidence interval 1.95-3.57, P < 0.001].
Conclusion: Provision of free CTX was associated with significantly improved retention among ART-ineligible clients. Retention and CD4-monitoring of ART-ineligible clients are essential to promptly identify ART eligibility and provide treatment. Implementation of free CTX may improve retention in sub-Saharan Africa and, via increasing timely ART initiation, provide survival benefit.
Introduction
Scale-up of antiretroviral treatment services in poorer countries has provided 4 million people with access to antiretroviral therapy (ART) [1] . In Kenya, more than 242 000 adults and children accessed ART by the end of 2008. Throughout rapidly expanding programs in Africa, the initial focus for service was ART-eligible clients. Free provision of ART led to rapid enrollment of HIV-infected clients and most programs noted excellent adherence and retention with substantial declines in AIDS-related mortality as a result [2] . Within HIV treatment programs, HIV-infected individuals who were not yet ART-eligible initially received monitoring but were not typically provided with other free medications.
In contrast to the high retention of ART clients, there are emerging data showing that pre-ARTand ART-ineligible clients have extremely low retention [3] [4] [5] [6] [7] . One-year weighted mean retention rates in ART programs in subSaharan Africa between 2000 and 2007 are estimated at 75% [8] , but rates among ART-ineligible clients have been documented between 4 and 41% [4, 6] .
In contrast to US or EU settings, where cotrimoxazole (CTX) prophylaxis is indicated in severe immune suppression, CTX provides benefit to HIV-infected individuals with higher CD4 cell counts in settings with high infectious disease prevalence [9, 10] . On the basis of this evidence, in 2006 WHO recommended CTX prophylaxis for individuals at higher CD4 cell counts or to all HIV-infected individuals in these settings [11] . In Kenya, in late 2006, provision of CTX prophylaxis became a routine intervention in many HIV treatment programs under revised Ministry of Health guidelines. Though this policy was not implemented as an intervention for retention, it is plausible that provision of a free medication like CTX may lead to substantive retention benefits in ART-ineligible clients, thus multiplying its benefit. To test this hypothesis, we compared retention among ART-ineligible clients before and after implementation of free CTX for all clients in an HIV treatment program in Kenya.
Methods
The Coptic Hope Center for Infectious Diseases is a comprehensive HIV treatment facility in Nairobi, Kenya that provides basic HIV care and antiretroviral medication free of charge to adults and children. Clients were offered free ART, if ART-eligible based on national criteria, or routine clinical follow-up if ineligible for ART. Clinical protocols are described elsewhere [12] . Based on national guidelines, CTX was offered to all ART-ineligible clients free of charge after September 2006. Patients on ART were scheduled to return to clinic every 1-2 months for a medical follow-up or pharmacy visit. Prior to free CTX provision, ART-ineligible patients were scheduled to return to clinic for medical follow-up every 6 months, though clients with medical issues or clients receiving medications returned more frequently. After CTX provision, all patients were scheduled to return to clinic every 1-2 months for a pharmacy visit.
Patients who missed pharmacy or clinical appointments were contacted through a phone call and urged/assisted to return to clinic. If the client was deceased, a family or household member provided mortality information through a 'verbal autopsy' process administered by a trained counselor.
The University of Washington Institutional Review Board and Kenyatta National Hospital Ethical Review Committee approved the use of clinic data for this study.
Clients with a baseline CD4 cell count were included in the analysis. Clients who started ART within 1 year of clinic enrollment were defined as receiving ART. Among those who did not start ARTwithin 1 year of enrollment, ART-naive clients with WHO stage 1 or 2 disease and a CD4 cell count above 250 cells/ml were considered ARTineligible. Loss to follow-up was defined as not returning to clinic more than 30 days after the next scheduled pharmacy or clinic appointment. Clients who returned to clinic after missing one or more appointments were classified as retained in care. Time in care was defined as the time in months from date of enrollment to date of last visit. There were 66 clients (17 ART-ineligible and 49 on ART) who transferred to another clinic or relocated, and these cases were censored at time of exit or transfer.
Twelve-month clinic retention was compared in ARTineligible clients enrolled before versus after free CTX provision using Kaplan-Meier survival curves, log-rank test, and multivariate Cox proportional hazards regression models. Potential cofactors for loss to follow-up were evaluated using x 2 analysis and Mann-Whitney U-tests of medians. To determine whether temporal program changes influenced clinic retention, retention of ART clients before versus after the same cut-off date was also compared.
Results
Among 5854 adult clients enrolled at the Hope Center Nairobi clinic between 2005 and 2007, 5175 (88%) had a baseline CD4 cell count. Of these, 3234 clients (62%) started ART during their first year of care. Of the 1941 clients who did not start ARTwithin 1 year of enrollment, 1024 (53%) were ineligible for ART using the definitions above.
Among ART-ineligible clients, 610 (60%) accessed care before free CTX was routinely offered, and 414 (40%) accessed care after free CTX was routinely offered. There were no significant differences in age, sex, tuberculosis (TB) disease, or BMI associated with accessing care before versus after implementation of free CTX. Median age at enrollment was 32 years. Women represented more than 70% of clients and the median BMI was within the normal WHO range in both groups. ART-ineligible clients enrolled after free CTX had similar baseline CD4 cell counts to those enrolled before free CTX (median CD4 cell count 412 cells/ml before free CTX versus 441 cells/ml after free CTX, P ¼ 0.36).
Those lost to follow-up within 1 year were younger (P ¼ 0.03) and BMI was significantly lower (P < 0.001) than those retained in care. Sex, TB status, and baseline CD4 cell counts were similar between retention groups.
ART-ineligible clients enrolled in the period following free CTX provision had significantly higher 12-month retention (84%) than those who enrolled in the period prior to free CTX availability (63%; P < 0.001; Fig. 1 ). Among clients on ART, there was not a significant difference in retention in comparisons of these periods (89 and 88% respectively, P ¼ 0.55).
In multivariate analysis, adjusted for age, sex, and CD4 cell count, ART-ineligible clients enrolled prior to free CTX provision were more than twice as likely to be lost to follow-up as those enrolled after free CTX provision (adjusted hazard ratio ¼ 2.64, 95% confidence interval 1.95-3.57, P < 0.001). Similar results were found when combining mortality and lost to follow-up as an outcome. In a sub-analysis stratifying those with baseline CD4 cell counts between 251 and 350 cells/ml and those with baseline CD4 cell counts above 350 cells/ml, improved immunologic status made no difference in retention during each time period. Retention rates were 63 and 64% prior to free CTX, and 86 and 83% after free CTX, for those with 251-350 cells/ml and those with more than 350 cells/ml, respectively.
Discussion
In this study, we found that free CTX provision was associated with significantly higher retention in ARTineligible clients, increasing from 63 to 84% during the period after free CTX. During the same comparison periods, retention among ART clients was stable and high.
Late presentation into HIV care has been associated with early mortality and poor response to treatment [13] [14] [15] [16] . Interventions are not routinely offered to clients not yet eligible for ART, thus retention among this group is often low. Many of these clients may not return to HIV care until symptomatic, missing an opportunity for preventive care and timely initiation of ART.
In the few studies observing retention among those ineligible for ART, rates are consistently low. In Malawi, 6-month retention rates were 4% among clients with stage 1 or 2 WHO disease compared to 90% among those who started ART [4] . A South African program reported that among adults with a CD4 cell count greater than 350, only 26% returned within 1 year, and among adults with a CD4 cell count between 251 and 350, only 41% returned within 1 year [6] .
Consistent with these studies, in our analysis retention in ART-ineligible clients was initially substantially lower than those on ART. However, after implementation of free CTX, 1-year retention rates among those who were ART-ineligible were similar to estimated mean retention rate for clients receiving ART in sub-Saharan African ART programs [8, 17, 18] .
Our finding that free CTX substantially improves retention in ART-ineligible clients is also consistent with studies showing that free treatment improves retention in HIV care [19, 20] . In another ART treatment program in Kenya, free ARTwas associated with a 57% risk reduction in loss to follow-up compared to clients who paid for treatment [19] . ART-ineligible clients may have perceived more benefit from clinic attendance due to CTX provision. In previous studies of clients in ART programs, individual perception of treatment, in addition to service factors of cost or quality, is an important factor in the decision to remain in care [21, 22] .
CTX has been demonstrated to be one of the most costeffective interventions in HIV treatment [23] [24] [25] and has been associated with improved personal and family health outcomes [26, 27] . Our study suggests that the cost of CTX is likely to be outweighed by benefit, not only in terms of improved prevention of infections, but also as an incentive to maintain clinical monitoring that can ensure timely initiation of ART.
Study strengths include the ability to adjust for disease status and CD4 cell count, and a comparison group of ART clients in a parallel analysis in which retention was unchanged.
Limitations of this study are consistent with a historical design. These include possible misclassification of enrollment during pre-CTX or post-CTX periods, as free CTX was implemented over time, and inability to measure socio-demographic factors or programmatic changes that may have influenced retention. The lack of change in retention among ART clients during an identical comparison period makes temporal changes in the program a less likely explanation.
The improvement in retention following free CTX may have been due in part to increased monitoring of clients as part of CTX delivery. Although the frequency of clinical visits did not increase after implementation of free CTX, clients returned monthly to the pharmacy for CTX pick-up. Missing a pharmacy pick-up triggered a follow-up phone call. Thus, the programmatic change in implementation of CTX included both free CTX and more frequent monitoring for return.
Although some of the differences we observed in retention may be attributable to improved health status, it is unlikely that the differences were due to reductions in mortality. Studies have noted improved survival among clients on CTX in the setting of severe immunosuppression [9, 10, 26] . Among clients with early HIV infection without immune suppression, CTX decreases morbidity but has not been associated with survival benefit [9, 26] . Our analysis was restricted to clients with baseline counts greater than 250 cells/ml and stratified analyses showed comparable benefit in increasing retention in both those with 251-350 cells/ml and more than 350 cells/ml.
In summary, we found that provision of free CTX was associated with significantly improved retention among ART-ineligible clients. Retention and CD4-monitoring of pre-ART clients are essential to promptly identify ART eligibility and initiate treatment. Thus, implementation of free CTX, in addition to anti-infective benefits, may improve HIV survival by enhancing clinic retention, and free provision should be considered for ART-ineligible clients in resource poor settings. Additional research is also necessary to determine the role of increased monitoring in retention in care. 
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